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Progress  Summary 

Our  work  in  the  first  year  of  this  contract  has  concentrated  on  the 

recording  and  analysis  of  B  -*X  spectra  for  the  single  isotopic  HgX  species, 

200„  35.,  200„  79  200„  127T  ,  20CL  129T  _  .....  .  . 

Hg  Cl,  Hg  Br,  Hg  I,  and  Hg  I.  In  addition  we  have  measured 

,  _  ,  200u  37„,  ,  200u  81-  .  _  .  .  200..  . 

some  features  for  Hg  Cl  and  Hg  Br  using  sources  containing  Hg  and 

natural  Cl^  or  B^.  The  preliminary  vibrational  analyses  have  been  completed, 

and  rotational  analysis  is  currently  underway  for  HgCl  and  HgBr.  A  report  of  the 

work  on  HgBr  has  been  published  (Appendix  1),*  and  a  manuscript  discussing  the 

2 

HgCl  and  Hgl  work  has  been  submitted  (Appendix  2). 

In  conjunction  with  the  vibrational  analyses  for  all  three  HgX  molcules,  we 
have  calculated  Franck-Condon  factors  in  trial-and-error  fashion  to  determine  the 
relative  configuration  of  the  B  and  X  potential  curves.  For  HgCl  and  HgBr  our 

3 

FCFs  are  considerably  different  from  those  published  by  Cheung  and  Cool.  In 

both  cases  the  Franck-Condon  distributions  are  shifted  up  in  v"  by  2-3  units. 

These  results  are  based  on  detailed  comparisons  of  calculated  FCFs  and  the 

observed  intensity  patterns  for  individual  v'  levels.  The  differences  with 

results  in  Ref.  3  are  due  at  least  partly  to  differences  in  the  X-state  potential 

curves,  as  a  consequence  of  our  reanalysis.  In  particular,  our  constants 

extrapolate  to  values  of  the  dissociation  energy  which  are  much  lower  than 

4 

estimated  by  Wilcomb  and  Bernstein  for  all  three  molecules.  Our  preliminary 

FCFs  for  HgBr  and  HgCl  are  presented  in  Appendix  3.  Although  these  values  must 

be  approximately  correct,  the  reader  is  cautioned  that  the  numbers  will  change  as 

the  analysis  is  extended  and  completed. 

We  have  so  far  obtained  only  preliminary  results  from  our  rotational 

analyses  of  HgCl  and  HgBr.  These  results  indicate  that  R  '  x  3.00  A  in  HgCl  and 
<  ® 

3.056  A  in  HgBr.  Both  values  are  only  slightly  larger  than  the  theoretical 

estimates  of  Wadt.  To  date  we  have  been  able  to  analyze  selected  bands  using  a 

simple  two-branch  (P  and  R)  model.  However  it  is  clear  that  four  branches  must 

occur  (possibly  overlapped),  and  three  or  four  branches  can  be  discerned  in 

certain  regions  of  the  spectra.  Thus  the  role  of  spin  splitting  in  these  systems 

is  not  yet  clear. 

For  all  three  HgX  molecules  some  of  the  previously  reported  laser  "lines” 
can  clearly  be  associated  with  prominent  heads  in  the  emission  spectra.  However 
most  cannot,  and  it  appears  that  lasing  may  be  occurring  on  a  near-continuum  of 
overlapped  rovibronic  transitions  in  the  several  isotopic  molecules  of 
significance. 
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Future  Work 

We  expect  to  complete  the  bulk  of  our  work  on  the  analyses  for  all  three  HgX 
molecules  within  three  months.  The  results  are  Intended  to  be  published  ss  three 
papers  in  the  Journal  of  Molecular  Spectroscopy.  While  we  are  completing  this 
work,  we  will  begin  studies  of  the  low-resolution  overall  intensity  distributions 
as  a  function  of  pressure  and  temperature,  in  order  to  extract  experimental 
estimates  of  the  R-dependence  of  the  B-X  transition  strength  functions*  At  the 
same  time  we  are  beginning  work  on  the  pressure  broadening  of  individual 
rotational  lines  in  the  HgCl  and  HgBr  spectra,  using  the  very  high  resolution 
capabilities  of  a  Fabry-Perot  Interferometer.  At  a  later  date  (“January,  1983) 
we  expect  to  begin  examining  the  transient  B«-X  absorption  from  low  v' '  levels  to 
high  v',  using  methods  of  kinetic  spectroscopy  in  conjunction  with  either  flash 
photolysis  or  our  Tesla  discharge  as  a  source  of  ground-state  HgX  molecules. 

The  question  of  the  specific  assignment  of  the  lasing  transitions  is  not  yet 
a  closed  issue,  in  my  opinion.  1  am  not  convinced  that  existing  measurements  of 
the  laser  "lines"  are  precise  enough  for  such  specific  assignment.  While  it  may 
be  true  that  lasing  occurs  on  a  quasi-continuum  of  overlapped  lines,  as  I  have 
suggested  above,  it  should  still  be  possible  to  identify  precisely  which 
overlapped  transitions  are  Involved.  To  this  end  very  high  resolution,  precisely 
calibrated  photographic  spectra  of  the  laser  emissions  are  needed.  We  do  not 
presently  have  the  capability  of  performing  the  requisite  experiments  in  my 
laboratory,  but  hope  to  be  able  to  do  so  in  the  not  too  distant  future. 
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Personnel 

Two  graduate  students,  X.  S.  Viswanathan  and  J.  Gall  Ashmore,  have  been 
employed  essentially  full  time  on  this  project.  Hr.  Viswanathan  is  completing 
his  third  year  at  Vanderbilt,  and  Miss  Ashmore  her  second.  A  third  graduate 
student,  0.  Carlysle  Salter,  has  recently  joined  my  group  and  is  now  also 
supported  by  this  contract.  Mr.  Salter  is  a  returning  student  who  is  roughly 
beginning  his  third  year.  Two  undergraduate  students  have  also  been  involved 
with  this  work:  Patrick  Berwanger  was  employed  for  three  months  in  summer  of 

1981,  and  Sue  A.  Davies  worked  during  the  Spring,  1982  term  in  fulfillment  of  the 
laboratory  requirement  of  her  advanced  general  chemistry  course*  Finally,  my 
wife  Patricia  C.  Tellinghuisen  has  been  employed  one-fourth  time  since  February, 

1982,  as  Research  Associate.  She  holds  an  M.  Sc.  degree  in  chemistry  from  the 
University  of  Canterbury  (New  Zealand). 

Other  Support 

I  presently  have  no  other  sources  of  funding.  However,  I  will  soon  be 
requesting  support  from  DARPA  for  work  on  the  spectroscopy  of  XeF,  and  from  the 
Air  Force  for  work  on  halogen  spectroscopy. 
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Ashmore,  Appl.  Phys.  Lett.  40,  867  (1982).  (Appendix  1) 

2.  "The  B-*X  transitions  in  HgCl  and  Hgl,"  by  Joel  Tellinghuisen,  Patricia  C. 
Tellinghuisen,  Sue  A.  Davies,  Patrick  Berwanger,  and  K.  S.  Viswanathan, 

Appl.  Phys.  Lett,  (submitted).  (Appendix  2) 


The  B-+X  transition  In  **>Hg  ”Br 

Joel  Tellinghuisen  and  J.  Gail  Ashmore 

Department  of  Chemistry,  Vanderbilt  University,  Nashville,  Tennessee  37235 

(Received  22  January  1982;  accepted  for  publication  26  February  1982) 

The  B~*X  spectrum  of  HgBr  is  photographed  and  analyzed  for  the  single  isotopic  species 
^Br.  The  analysis  confirms  Wieland’s  earlier  analysis  [Z.  Elektrochem.  64, 761  (I960)] 
to  u'~23  but  is  different  for  higher  o'  levels,  leading  to  a  lower  estimate  of  the  ground-state 
dissociation  energy,  =  5300  cm"1.  Franck-Condon  calculations  indicate  that  R',—R“ 

—  0.57  A,  which  is  somewhat  greater  than  concluded  in  earlier  work.  The  previously  reported 
HgBr  laser  lines  appear  not  to  coincide  with  specific  band  heads  in  the  spectrum;  instead  they 
probably  involve  a  semicontinuous  overlap  of  rotational  lines  in  several  v'-v'  bands  of  the  12 
isotopic  HgBr  molecules  of  significance  in  “natural”  HgBr. 

PACS  numbers:  33.20.Kf,  33.10.Gx,  33.70.  -  w,  42.55.Hq 


Although  the  mercury  halide  lasers  are  a  subject  of  con¬ 
siderable  current  interest,  surprisingly  little  spectroscopic 
work  has  been  done  on  the  lasing  B—*X  transitions  in  the 
HgX  molecules.  The  primary  source  of  information  on  these 
systems  is  a  series  of  papers  published  by  Wieland  over  20 
years  ago.  1-3  Moat  of  Wieland’s  work  involved  emission 
sources  prepared  from  “natural”  HgX2,  so  his  spectra  in¬ 
cluded  contributions  from  the  large  number  of  isotopic  HgX 
molecules  occurring  in  natural  abundance.  Similarly,  most 
of  the  laser  developmental  research  has  utilized  natural 
HgX2.  In  the  latter  work  a  number  of  problems  of  a  spectros¬ 
copic  nature  have  arisen,  including  the  question  of  the  specif¬ 
ic  identification  of  the  lasing  transitions.*  To  help  resolve 
these  issues,  we  have  begun  a  reanalysis  of  the  HgX  B-*X 
transitions,  using  single-isotope  emission  sources.  In  this  let¬ 
ter  we  present  preliminary  results  of  our  vibrational  analysis 
for  100Hg  ™Br. 

Emission  spectra  were  photographed  using  equipment 
and  procedures  similar  to  those  employed  previously  in  this 
laboratory  in  the  study  of  halogen  and  rare- gas  halide  emis¬ 
sion  spectra.5"7  The  sources  consisted  of  3-mm  o.d.  pyrex 
tubes  about  10  cm  long,  which  were  charged  initially  with 
““Hg  ^rj  (or  M0HgBr2  from  natural  Br2)  and  ~ 200  Tore 
Ar,  then  sealed  off  with  a  torch.  The  W0Hg  (95.7%  isotopic 
purity.  Oak  Ridge)  was  obtained  in  the  form  of  HgO,  which 
was  decomposed  in  situ  by  heating  under  vacuum.  The  di¬ 


bromide  was  then  prepared  by  admitting  T*Br2  (98.6%,  Oak 
Ridge,  prepared  from  Na  T*Br  as  described  in  Ref.  8)  or  na¬ 
tural  Br2  in  excess  and  heating  gently.  The  emission  was 
excited  with  a  tesla  coil,6  with  the  discharge  tube  heated  to 
— 135  *C  to  maintain  a  sufficient  vapor  pressure  (~  1  Tore) 
of  HgBr2.  Spectra  were  photographed  on  a  1.5-m  JY  spec¬ 
trometer,  using  a  3600-groove/mm  holographic  grating  (re¬ 
ciprocal  dispersion  ~  1  A/mm)  and  a  1200-groove/mm  re¬ 
plica  grating  ( — 5  A/mm).  Although  rotational  structure 
was  clearly  resolved  with  the  former  grating,  the  latter  was 
actually  better  for  discerning  the  band  heads,  which  were 
measured  with  an  estimated  precision  of  0.4  cm'1. 

Our  interpretation  of  the  spectrum  agrees  with  Wie¬ 
land’s3  except  at  the  long-wavelength  end,  where  our  assign¬ 
ments  of  bands  having  u”>  23  differ  from  his.  Below  v'  =  23 
our  measurements  lie  consistently  2-4  cm- 1  below  Wie¬ 
land’s,  which  is  consistent  with  the  small  isotope  shift  for 
200HgBr  vs  ^HgBr.  (Knee  mHg  is  the  most  abundant  Hg 
isotope  and  since  for  most  of  the  assigned  bands  the  blue- 
most  feature  is  associated  with  the  heaviest  HgBr  isoto- 
pomer,  Wieland’s  measurements  can,  to  a  good  approxima¬ 
tion,  be  attributed  to  ^Hg  ’’Br  and  ^Hg  “Br.)  Above 
v‘  *  23  our  assignments  deviate  to  the  blue  of  Wieland’s, 
with  the  disparity  amounting  to  20  cm*"1  at  v*  =  28  and  70 
cm ~ '  at  u0  =  33.  In  the  region  where  these  bands  occur,  the 
spectrum  is  quite  congested;  however,  the  progressions  are 
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easy  to  follow  up  to  v"  =31  in  our  single-isotope  spectrum, 
so  we  arc  confident  of  our  assignments. 

As  a  consequence  of  our  reassignment  of  the  high  o’ 
bands,  the  dissociation  energy  of  the  ground  state  appears  to 
be  considerably  smaller  than  Wieland’s  estimate  of  5740 
cm- 1  and  Wilcomb  and  Bernstein’s9  value  of  6000  cm'1. 
The  latter  authors  used  long-range  theory  to  extrapolate  to 
dissociation.  For  our  highest  assigned  level  (vm  =  34)  the  ab¬ 
solute  slope  in  the  appropriate  plot  (see  Fig.  2  in  Ref.  9)  is 
greater  than  the  calculated  limiting  slope,  which  renders  the 
extrapolation  to  dissociation  uncertain.  However,  it  appears 
unlikely  that  3>a  can  be  greater  than  5500  cm- 1  and  is  more 
likely  ~  5400  cm  ~ 1 .  We  are  attempting  to  extend  the  assign¬ 
ments  to  higher  u’  to  refine  this  determination. 

To  date  our  assignments  span  v‘  levels  0-10  and  v"  lev¬ 
els  1 1-34,  and  include  56  bands  for  200Hg  79Br  and  16  for 
2°°Hg  »Br  (measured  in  the  spectrum  of  the  200HgBr2 
source).  All  assigned  bands  were  least-squares  fitted  to  the 
standard  double  polynomial  expression’ 


v,  =  r;+  2 


where 


(1) 


x;  =  p[v;  +  1/2),  xf  =p(v7  +  1/2),  (2) 


and  p  is  the  isotopic  factor  (as  1 .0000  for  200Hg  79Br, 

0.991 108  for  200Hg  *‘Br).  When  the  u"  numbering  was  al¬ 
tered  by  ±  1  from  that  given  by  Wieland,  there  were  clear 
systematic  deviations  and  a  significant  increase  in  the  vari¬ 
ance,  from  which  we  conclude  that  this  numbering  is  cor¬ 
rect.  We  obtained  minimum  variance  with  two  upper  and 
four  lower-state  vibrational  parameters,  given  in  Table  I. 
These  parameters  represent  the  assigned  bands  with  a  stan¬ 
dard  deviation  of  0.46  cm  ~ 1  and  a  maximum  deviation  of  1 .2 
cm'1.  Although  the  constants  will  change  somewhat  as  we 
extend  the  assignments  to  lower  and  higher  o’,  we  expect 
them  to  remain  valid  to  —0.5  cm  “ 1  in  the  calculation  of  the 
red-degraded  band  heads  for  the  v  and  v’  ranges  spanned  by 
our  data. 

Our  vibrational  analysis  is  corroborated  by  trial-and- 
error  Franck-Condon  calculations,  in  which  we  adjust  the 
intemuclear  separation  of  the  B  and  X  states  to  match  the 
calculated  FCFs  with  the  observed  intensity  patterns  in  the 
individual  v"  progressions.  In  these  calculations  we  have 
adopted  Cheung  and  Cool’s10  estimate  of  2.62  A  for  the  in- 
terauclear  distance  of  the  ground  state  and  have  represented 
the  X  potential  as  a  Morse-RKR  curve,  i.e.,  a  Morse  repul¬ 
sive  curve  (determined  from  our  estimated  & ,  and  <o,  val¬ 
ues)  and  an  attractive  branch  obtained  by  adding  the  RKR 
turning  point  differences,1 1  R+(v)  —  R  _{v),  to  the  repulsive 
branch  at  the  appropriate  energies.  The  B  state  was  approxi¬ 
mated  as  a  Morse  curve.  Good  agreement  with  the  observed 
intensity  distributions  was  obtained  for  R',  =  3. 19  A,  which 
we  estimate  to  be  reliable  within  0.01  A,  for  our  assumed 
lower  curve  shape  and  location.  This  value  is  0.09  A  larger 
than  obtained  by  Cheung  and  Cool. 10  About  0.03  A  of  this 
difference  is  due  to  a  difference  in  the  skewedness  of  the  two 
X curves.  (Our  attractive  branch  lies  about  0.03  A  to  large  R 
from  that  of  Ref.  10  near  v  =  20-21,  where  peak  intensities 


TABLEl  Spect.oscopic  parameters  (cm  1 1  for  the  B  and  X  states  of 
’°°Hg  ”Br,  valid  for  o  =  0-10,  o'  =  1 1-34.* 


T. 

0 

23484.97 

188.249 

135.887 

c*  i-tu.x.) 

-  1.0359 

-  0.2527 

-  I.5068X  I0-* 

Cm 

-2.4809x10'* 

9. 

5500 

39100* 

<Vi  (^*) 

0.04345 

0.02928 

c*  (-a.) 

—  3.274X  10~* 

—  7.3X  10~5 

C,i 

5.973  X!0-‘ 

Cm 

-  2.351  X10-’ 

a.  HI 

2.62 

3.19 

‘All  rotational  constants  are  based  on  assumptions  about  potentials;  see 
text. 

"Assuming  dissociation  to  Hg * ?S(  +  Br“  ('S(.  The  lowest  Hg*  +  Br  as¬ 
ymptote  lies  19400  cm' '  lower. 


occur  in  the  o'  =  0  progression.)  However,  the  remaining 
0.06  A  is  significant,  and  it  serves  to  shift  the  Franck-Con- 
don  pattern  of  Table  10  in  Ref.  10  up  by  3  quanta  in  v".  (For 
example,  the  observed  Franck-Condon  “gap”  for  v'  =  1  in 
our  spectrum  occurs  near  v*  =  20-21  instead  of  v"  —  17-18 
as  indicated  in  Table  10  of  Ref.  10.)  We  hope  to  refine  the  X 
curve  shape  and  pin  down  the  absolute  R.  values  through  a 
rotational  analysis.  The  Franck-Condon  factors  will  be  pub¬ 
lished  when  the  full  analysis  is  completed.12 

For  the  X  potential  used  in  the  FCF  calculations,  we 
have  calculated  rotational  constants  and  fitted  them  to  the 
standard  expression, 

=  P*  X  cnx‘~'>  P) 

1 

where  p  and  x  are  as  defined  previously.  The  resulting  con¬ 
stants  are  included  in  Table  I,  together  with  the  Morse  B, 
and  a,  values  for  the  B  state.  We  emphasize  that  these  values 
can  only  be  taken  as  a  rough  approximation  of  the  true  val¬ 
ues,  as  they  are  grounded  entirely  on  our  assumptions  about 
the  X  curve  and  our  FCF  calculations;  consequently  they 
will  certainly  change  when  the  rotational  analysis  is  com¬ 
pleted.  However,  several  points  are  worth  noting:  (1)  The 
two-parameter  expression  for  B  "  assumed  in  Ref.  10  is  ina¬ 
dequate  to  represent  the  B  "  values  for  levels  as  high  as 
v"  =  20.  (2)Ourff  "  values  are  lower  than  those  in  Table  3  of 
Ref.  10  by  4%  at  v  —  20  and  9%  at  v  *  30.  (3)  The  constants 
predict  that  all  low  v'  bands  will  be  simple  red  degraded  (i.e., 
B  "  >  B  'v  up  to  v’ ~33;  for  larger  o',  spikes  and  violet-de¬ 
graded  bands  should  occur,  as  they  do  in  other  emission 
spectra  of  this  type.’  *  The  last  result  is  in  fact  borne  out  in 
the  observed  spectra. 

Lasing  has  been  reported  near  5018  and  4996  A  by 
Parks, 1 2  and  in  two  three-peak  groups  near  5020  and  5040  A 
by  Schimitschek  and  coworkers.1415  The  latter  group  has 
obtained  more  precise  measurements  of  these  six  peaks, 16 
which  are  compared  with  calculated  band  heads  in  this  spec¬ 
tral  region  for  all  12  HgBr  isotopomers  in  Table  II.  While 
there  are  a  few  coincidences,  the  bands  involved  are  not  par¬ 
ticularly  strong,  so  it  appears  that  lasing  does  not  occur  pref- 
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TABLE  U.  Calculated  wave  numbers  (cm-1)  ofHgBr  B-»Tbend  heads  near  measured  laser  lines  at  19817.3, 19833.0, 19844.0, 19896.1, 19906.0,  and 
19916.4  cnr1.*-’’ 


Specks 


Abundance 


0-23 


Band  (»'-»') 
5-29  1-24 


2-25 


3-26 


4-27 


0-22 


1-23 


2-24 


198, 79 

5.1 

1.001429 

199,79 

8.5 

1.000711 

200,79 

11.7 

1.000000 

201,79 

6.7 

0.999294 

202,79 

15.1 

0.998596 

204,79 

3.5 

0.997218 

198,  81 

4.9 

0.992551 

199,81 

8.3 

0.991825 

200,81 

11.4 

0.991108 

201,81 

6.5 

0.990396 

202,81 

14.7 

0.989692 

204.81 

3.4 

0.988301 

19792.2 

19796.4 

19805.6 

794.3 

797.9 

807.5 

796.3 

799.4 

809.5 

798.3 

800.9 

811.4 

800.3 

802.4 

813.3 

804.2 

805.4 

817.1 

817.6 

815.6 

830.0 

819.7 

817.2 

832.0 

821.7 

818.7 

834.0 

823.8 

820.3 

835.9 

825.8 

821.8 

837.9 

829.8 

824.9 

841.7 

19822.5 

19843.2 

19867.8 

824.4 

845.0 

869.4 

826.2 

846.7 

871.1 

828.1 

848.5 

872.8 

829.9 

850.2 

874.4 

833.5 

853.7 

877.7 

845.8 

865.4 

888.7 

847.8 

867.2 

890.4 

849.7 

869.0 

892.1 

851.5 

870.8 

893.8 

853.4 

872.6 

895.5 

857.1 

876.1 

898.8 

19918.4 

19927.8 

19940.6 

920.4 

929.7 

942.5 

922.4 

931.7 

944.4 

924.4 

933.6 

946.2 

926.4 

935.5 

948.0 

930.2 

939.2 

951.6 

943.4 

9S2.0 

963.8 

945.5 

954.0 

965.8 

947.5 

955.9 

967.6 

949.5 

957.8 

969.5 

951.5 

959.8 

971.4 

955.5 

963.6 

975.0 

’Measurements  from  Ref.  16. 

’’Includes  all  bands  having  v'  <6  which  are  prominent  in  our  *>0Hg  ™Br  spectrum. 


erentially  near  any  specific  band  heads.  Rather  it  is  likely 
that  lasing  is  occurring  on  a  nearly  continuous  overlap  of 
rotational  lines  in  the  many  overlapped  o'-v'  bands  of  the  12 
isotopomers.17  It  should  be  noted  that  this  overlap  is  so  ex¬ 
tensive  that  most  of  the  calculated  band  heads  in  Table  II 
cannot  possibly  be  discerned  in  the  spectrum  of  “natural” 
HgBr  and  can  only  be  accounted  for  though  the  analysis  of  a 
single-isotopic  species. 

We  thank  Erhard  Schimitschek  for  arousing  our  inter¬ 
est  in  this  project,  and  Frank  Hanson  for  communicating  to 
us  the  laser  wavelengths  of  Table  II.  This  work  was  support¬ 
ed  by  the  Office  of  Naval  Research. 
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The  R  and  P  lines  in  this  J '  region  are  the  strongest  individual  lines  in  a 
given  band.  The  rotational  constants  in  Table  I  predict  these  lines  to  lie 
about  30  cm  " 1  to  the  red  of  the  band  head. 
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The  B  ->■  X  transitions  In  HgCl  and  Hgl 
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Abstract 

The  B-vX  spectra  of  HgCl  and  Hgl  are  studied  at  high  resolution  for  the 
single  Isotopic  species,  ^^Hg^Cl,  and  For  Hgl  the 

analysis  indicates  that  the  v"  numbering  should  be  decreased  by  one  unit  from 
the  previous  assignment.  For  both  molecules  the  analyses  deviate  progressively 
from  the  previous  assignments  at  high  v",  extrapolating  to  lower  estimates  of 
the  ground  state  dissociation  energies.  Franck-Condon  calculations  yield  AR^ 

(«  Re'-Re")  ”  0.60  A  for  HgCl  and  0.49  X  for  Hgl.  The  strongest  laser  features 
previously  reported  for  HgCl  occur  near  the  heads  of  the  overlapped  0-22,  1-23, 
2-24,  and  3-25  bands.  The  Hgl  laser  operates  In  the  region  of  the  0-14,  0-15, 
1-15,  1-16,  2-17,  and  2-18  bands. 


very  congested  regions  of  the  spectra  and  are  likely  blended  to  Indlstlnctlon  In 


constants  should  permit  calculation  of  band  positions  reliable  to  about  the  theirs.  For  HgCl  our  R  '  value  Is  0.08  A  larger  than  Cheung  and  Cool's.  Most  of 


In  the  v"  miaberlqg,  our  Franck-Condon  distribution*  art  In  agreenent  with  sous  of  the  Indicated  bands,  we  think  it  Is  unwise  to  sake  specific 


dusuadng  dissociation  to  H**(JS)*X'(*S).  Th«  lowest  Hg*  ♦  X  asymptote  lies 
l-ioo  cn'1  lower  in  HgCl  and  21800  cn_l  lower  in  Hgl. 


Appendix  3a  ;  Preliminary  FCFs  for  ^^Hg^Cl,  v'  =  0-5,  v"  =  9-32 


frarcnoondon  factors.  r«c(nt*oio*,  aid  rrooentroto* 

INTEGRAL!  TAREN  OVER  111  R01NT4,  STARTING  IT  |  •  I  FOR  STATE  I  AMO  l  ■  141  FOR  STATe 


FRANOUCONOON  FACTORS 


Vf  _  VO.*--  * _ ,_r _ TV**-*,-  10  Vo  *11  ■  18 


0  1.4L40CO9 _ Mini'Oi _  1,10(1(04 _  l.lltlML 

1  1. 4848(04  S. 4104(04  2,4)14(01  T.TOSOE-Ol 

2  7,8409(04  2.42)4(0)  I.9941E01  2,1047(02 

I  . . 8.91*7(01 _ 4,1004(0). _ 2,t772C«02  _  4,44*9(02 

4  4,9744(08  l,4841C>0l  1, *104(01  4.0994(08 

9  1.1770(08  1.1444(01  9.107ICO8  9.4494(02 


ROEHTROID  VALUES  (ANC4TR0N41 


Vf  VO.*  *  VO  a.  10  VO  ■  11.  Vaa  *  >8 


0  2.41*0(00  2.4909(00  8,9494(00  2.1118(00 

1  2.I291C. 00  2,1141(00  2,1919(00  2.44(1(00 

2  2.1147(00 _ _ _  2,1211(00 —  1,1414(00  2.494OC.00 _ 

1  2.I044C. 00  8.1170C. 00  2,(104(00  8,(442(00 

4  2.7949(00  2,(074(00  2,1201(00  2,*124(.00 

9  _  2.7*99(00 _ 2.2*71(00 _  8.(097(00  8.(2l(C.OO _ 


V* 

vaa . a  * 

V»a  0.  10 

Vaa  a  II 

Vaa  a  12 

0 

(.0490(00 

(.1274(00 

(,21)4(00 

(.10)0(00 

7,9412(. 00 

1.0*21(00 

1,1449(00 

(.22(9(00 

2 

7,9240(00 

7. *<*((.00 

(.0777(00 

(.1979(00 

1 

7,(471(00 

7.940OC.Q0 
..  7,1(29(00  .. 

(,9144(00 

(.04Q9C.QQ 

4 

7,(124(00 

7,49)7(00 

S.0297C. 00 

9 

7,7944(00 

7.(271(00 

7,(491(00 

7.4420C.00 

franCrOondon 

FACTOR* 

Vt 

vaa."  11 

V*a  a  1* 

Vaa  a  19 

vaa  a  1* 

0 

4.K10C01 

1 .11*11-02 

20714(02 

9.4*41(08 

! 

2.0244(02 

4.1*14(02 

7  4904(01 

t. 0)04(01 

2 

4.7229(02 

7 ,44)2(02 

(,42(9(02 

9,0*9(02 

1 

4.77(1(02 

7,0*14(02 

♦  ,  0201(02 

1.(90(01 

4 

4.1124(02 

1,4944(02 

2,1714(01 

1  , 10*4(02 

9 

1,9*19(02 

), *244(09 

4,74*1(01 

4.1299(02 

(•CENTROID  VALUES  (ANGSTROMS) 

v« 

vaa  a  1} 

V*a  a  14 

Vaa  a  19 

Vaa  a  14 

0 

2,41 (lE.OO 

8'.*)l*EOO 

2. 9909(00 

1 

2. •09(00 

2.1441C.00 

2.4194F.00 

2.4)24(00 

2 

2,(704(00 

2.H92C.90 

2, 4001 (.00 

2,*t44C,00 

1 

2.4974(00 

2.I719C.00 

2, ((42C.OO 

2, (1*4(00 

4 

2, (497(00 

2. (979C.OO 

2,  (470(04 

2.447SCOO 

9 

2,*lllCaOO 

2,t)72C«00 

2,(707(00 

1,47(4(00 

R..8OCNTR0I0* 

V4 

Vaa  a  1} 

vaa  y  1* 

Vaa  a  19 

Vaa  a  1* 

0 


(.1444(00 
(, 1142C. 00_ 
I.2401C00 
(,  147K.00 
I. 0*79(00 
(.O844C.00 


(.44«]C00 

(.4071(00 
(. 1247c. 00 
4, 2412C. 00 
4, 1414(00 
•  .0428(00 


(,9*74(00 
(,9014(00 
1,(102(00 
(, 1I72COO 
4,1981(00 
4. 2491(00 


4,7071(00 
4,9448(04 
*,4*27(00 
4, 180ICOO 
4,4010(00 
4. 2447(00 


rn*irCK«cot»ooK  r»cro»s 


v* 

VM.I  17 

Vaa  a  14 

494  •  19 

Vaa  a  20 

0 

1.0411E*91 

1.91114*01 

1^44114*01 

1.41204*01 

1 

4.9149E.02 

9.4012E.02 

4,449TE.01 

1.11494*02 

2 

l.HPE.oa 

J. 44044.0] 

4,42274*02 

4,09114*02 

1 

i.pm-oa 

9.2»35E-02 

4,44244*03 

4,44494*01 

4 

4.79704.03 

1.441  IE. 02 

1,4(424*04 

2,44794.02 

1 

1.04944*02 

2.0141E.04 

2.4402E-02 

1.94174*02 

A*C9»T»0ID  VALUES  f»VC4TR0HS> 

V* 

Vaa  ■  IT 

*#•  ■  14 

Vaa  a  14 

Vaa  a  20 

0 

2^97014*66 

2 .99(41*60 

1*,  01 444*00 

1.01994*00 

t 

2.94944*00 

3.44914*60 

2,9447E«00 

1.04114*00 

2 

2.93174*06 

2.41014*00 

2,47494*00 

2.49114*00 

] 

2.91014*00 

3,91934*00 

2,49194*00 

2.94114*00 

4 

2.90T0E*00 

2.41 TTE«00 

2,49144*00 

2.94444*00 

9 

_  2.41744*00 

2.42944*00 

AWeENTHOID* 

_ 

.  .  _  .  _ 

_ _  _  _ 

¥• 

»••■  IT 

»••  a  14 

Vaa  a  1* 

Vaa  a  20 

0 

4.13414*00 

4.4902C*00 

4,04414*00 

4.24124*00 

1 

4.69044*00_ 

4,79074*00 _ 

.  4,77424*00 

4.24924*00 

I 

4,94244*00 

4,44114*00 

4,47194*00 

4.99404*00 

1 

1.99194*00 

4.440(4*00 

4,70444*00 

4.41494*00 

4 

4,49114*00 

.  4,91044*00  . 

4,04124*00 

4,79174*00 

9 

1.14404*00 

7.44174*00 

4.94414*00 

0.42904*00 

rMNCX.CONDON 

44CTOM 

VO 

V**.«  21 

V*4  a  22 

Vaa  a  21 

Vaa  a  34 

0 

1.4(414*01 

1*21444*03 

1,19494*02 

4.14444*01 

1 

9,1(494*03 

1.71444*01 

1.72114*01 

1.00344*01 

2 

1.44914*02 

1.20444.01 

4,11444*03 

1,93444*01 

1 

2.24194*03 

7.27444*03 

2,41794*02 

1.24414.03 

4 

9.09244*02 

4.40744.01 

2,44314*03 

4,10(44*02 

9 

1.47144*01 

2,47004.02 

1.49014*03 

1.42124*04 

••C4MT00ID  V4LU40  (4MC9T40MS) 

v» 

Vaa  a  21 

Vaa  a  22 

Vaa  a  21 

Vaa  a  24 

0 

1^10224*00 

1^14424*00 

1.20114*00 

1 

1,09114*00 

1.07444*00 

1,(1114*00 

1,19124*00 

I 

1,00294*00 

1*20314;oO 

1,09714*00 

1,12244*00 

1 

1,0(094*00 

1,01774*00 

1,0(144*00 

1,14444*00 

4 

2,97104*00 

3.99414*00 

1,01124*00 

1,01104*00 

9 

2,90444*00 

3,94944*00 

1,21944*00 

■••2*C4 VT»0 1 09 

V* 

Vaa  a  31 

vaa  «  23 

Vaa  a  21 

Vaa  a  24 

4.4(974*00 

9,00414*00 

4.07094*00 

4.40044*60 


4.43114*00 

1.02794*01 

4,10404*00 

4,70914*00 

4.41714.00 


4,47444*00 
o, 94444*00 

I'nutm 


1.03924*01 

l.tltKfM 

9,79414*04 

1.00114*01 

9,11294*00 

1.01974*01 
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francr.conoon  factor! 

vr  y«i  ■  29 

VRR  f  26 

V**  »  27 

»••  •  21 

9 

9.11070.04 

i.moc.o* 

1,90)60*09 

2.14*76.0* 

t 

1,07700.02 

i. jojoe-oj 

1,04*20.06 

1.2)900.04 

1 

1.499IE.0I 

4,14040.02 

6,06400.01 

2.20990.04 

) 

1. 94400*01 

2.21120-01 

9,7*910-02 

6.I474E.01 

4 

1,19790.0) 

1.06140-01 

2,99490*01 

i.2S4ie.ot 

9 

9.14210.02 

1,49710.02 

T.1I46Er02 

2>926IE*0t 

R.CONTROIO 

VALUES  f ANGSTROMS) 

v» 

VR*  ■  2$ 

VR*  *  26 

V**  ■  27 

VR*  ■  21 

0 

J,  Jl 940*00 

4, 41799*00 

1,07420*00 

I.4166ER00 

1 

1.214*0*00 

1,14910*00 

2,426*0.01 

1.1 6040*00 

2 

1,16)90*00 

.  1,22740*00 

3. 11990*00 

2a6721EtD0 

1 

1.14010*00 

1, 17600*00 

1,24)00*00 

la4617E«00 

4 

2.70060*00 

3, 16020*00 

1,1*100*00 

2,2609Cr00 

9 

1,0)760*00 

_  2.49J9ER90 

)a2tl6E«0e 

1,20I9C»00 

»R*2«CCMTROIOI 

V* 

Vrr  •  29 

VR*  a  26 

VRR  a  27 

VR*  ■  It 

0 

I.0964ER01 

1. *0440*01 
....  t.|f*ie*0L 

9,422(0*00 

!.1902C*01 

1.0)210*01 

•(,74970*00 

9,94S0Et00 

2 

I.OOOTErOI 

1 ,041 30*01 

1,1 4400*01 

6. 11)90*00 

1 

9.S471ER00 

1,00190*01 

1,09120*01 

1,191)0*01 

4 

7,04*60*00 

1,004(0*01 

1,01*60*01 

1,06290*01 

9 

9.229SER00 

Sa674«E*00 

I.OIIOErDI 

1.0)010*01 

FRAnCF-CONDON 

factors 

v# 

VR*.*  29 

V»R  *  10 

V**  ■  11 

V**  *  12 

0 

1.90790.07 

9,700 JErOS 

IIiOIOSErOO 

1,04140.09 

1 

9.9266E-06 

4a0094C. 06 

2,9919007 

2,46940.07 

2 

4.6999E-04 

9.677SC.07 

2,646*0.09 

6.00410. OS 

) 

I.4499E.0J 

1.0121E.01 

4,9SS1C*09 

7,11270.09 

4 

4a02t2E<01 

4,20470.0) 

i,lt4!e*01 

9, 76000.04 

9 

1.I7I3E.01 

1,49 JSC. 04 

t .4S11C.02 

2.0472C.04 

R "CENTROID  VALUES  (ANGSTROMS) 

V* 

V*R  •  2* 

V*r  a  10 

V**  a  11 

VR*  a  12 

0 

2. 74420*00 

1, 10740*00 

2,91710*00 

1,9)940*00 

1 

1,64910*00 

),0961E*00 

1,60160*00 

1,11440*00 

1.2)470*00 

6,11790990 

1,20120*00 

4,11900.01 

1 

2,47740*00 

1 ,11410*00 

l.)4*se«oo 

4 

1.61I6E»00 

1,110*0*00 

1,499)0*00 

1,06410*00 

9 

1,2*290*00 

9,746(E»00 

1,19920*00 

4,19690*00 

R**2*CENTR0ID0 

¥• 

V*R  •  29 

V*R  a  10 

V**  a  11 

Vrr  a  )2 

7,*!04e*00 

1,12490*01 

7,71440*06 

1,2)270*01 

l.lO790*0L  . 

.  9.2*040490 

1. 11)90*01 

9.62090*00 

1,04270*01 

1,01990*01 

1,01490*01 

*7,70070*00 

9,79090*00 

1,097)0*01 

6,99140*00 

t,tt44C*0l 

1,10970*01 

4,64)00400 

1,19740*01 

*,12**0*00 

1,07710*01 

2, 66790*01 

1,6)7*0*01 
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Appendix  3b:  Preliminary  FCFs  for  ^^Hg^Br,  v>  -  0-5,  v"  =  12-31. 


r»*Nc*»cn«ipn»i  factors.  R«ceiiT*otng,  ard  sssS-certrotos 

1RTEGRILS  TARE*  OVER  >41  MI«T|,  STARTIRS  AT  I  a  I  EOR  STATE  I  IH  I  ■  141  FOR  STATE  3 


rRARroCORnnR  FACTORS 


¥• 

VH  •  It 

VSS  S  11 

V**  *  14 

Hi  •  19 

0 

3.0799E«Os 

4. 94319*04 

lp0499r*0l 

9.3I09C.0} 

1 

1.S0J4O01 

9,44079.01 

1,9*97*. 03 

1,44949.03 

» 

S,3394e»01 

1.T477E.03 

1.9149r«03 

S.S010E.03 

1 

1.SUIF-0? 

1,S16?C.03 

4. 1 9399.03 

7.1919E.03 

4 

1.0447e»-*T 

9,4*799.03 

*, *1*79.03 

4.4397e.03 

9 

4,tim«t) 

S.OS3JE.03 

4. *4349.03 

I.1413E.03 

R-CERTROIO  VALUES  t ANGSTROMS) 

V* 

Vss.R  13 

V**  ».  11 

■  14 

Vs*  •  19 

0 

}'.094]E*00 

l^OSTSE.Ofl 

1^0*119*00 

l'.099*E*00 

1 

1.0439e*00 

1,0994F*00 

l,0S*lr*0* 

1.0S14C*00 

3 

1,01300  00 

l,041*e*00 

1,09409*00 

1,04941*00 

1 

1,0317e*0O 

S,oi?9e*oo 

],0441r»00 

1, 0997E*00 

4 

1.01l7E*00 

1,0774E*00 

1  01119*00 

).0413E«00 

9 

1.0033C*00 

1.0131E*00 

1.033OE»O0 

1.01*49*00 

Rs*3»CERT*OIOS 

v« 

V**.R  13 

VM  ■  11 

«»  •  14 

Vs*  ■  19 

0 

4,ll09E*00 

9,4ll9C*«0 

*',*441r*00 

4.4*919*00 

1 

4,3S04E*00 

4,ns*r«oo 

9,41999*00 

4.49741*00 

7 

4.i*44E»oo 

4,3SS3t*00 

9,11449*00 

4. *1499*00 

1 

9,H14f«oo 

4.14*19*00 

9.34*19*00 

4.1174E*00 

4 

4,0713E*00 

4,11449*00 

9,i44Sr*oo 

4.340JE*00 

9 

9.01 14E*00 

9.07191*00 

9.111 9E*00 

4,1714E*00 

frarCk.corDor 

FACTORS 

Vf 

V**  •  IS 

V  9  17 

V**  ■  14 

VS*  •  1 • 

0 

3.41 1400} 

3.11"?F«03 

9'.*0stF*0} 

1.910*9.01 

1 

S, 414400? 

|,00»OF.01 

!, 0941**01 

4.9S9IF.A3 

a 

*,9*llE«0? 

S,RS*7f«0} 

3,33019.01 

4,11 4*9.04 

i 

9,1743003 

1,09I7E»0? 

«. 111*9.01 

4.41919.03 

4 

4.40439.01 

S,4074E.01 

4,1S03r*O3 

4,10*49.03 

ft 

3.440*9.01 

1.440SE*03 

1.43049.03 

1,1 144E*01 

R-CFRTROIP  VALUES  fARGST»D"Sl 

V# 

Vs*  ■  14 

V#s  ■  17 

Vs*  •  1 1 

•  It 

0 

i.ii o4r*oo 

}.1?70f»00 

1, 1 441F*00 

S.1S39E*00 

1 

1,0*94000 

1, 1 O47f*00 

1, 1 340**00 

1,1174E*00 

3 

l,0404f*00 

l,o*lir*oo 

S,  1031000 

1,1S14E*00 

1 

1. 04SSE*00 

l.o7}«r*oo 

l,iti4r*oo 

!.f!!4C*00 

4 

1,0440000 

1.0»1»E*00 

l,0S90r»flO 

1.0417E*00 

9 

1.04 01E»00 

3.0S09F*00 

1.04449*00 

1,OS39E«00 

••*3«CE*TR01DS 

V* 

V**  •  is 

VS*  ■  1 7 

VS*  ■  If 

VS*  •  1  * 

*.*t*lr*0" 

4,9434E*00 

4.4430E*oo 

4.itose*oo 


4.774«r*00 

4,4TolE*00 

4,§4A4r*flO 

4,4iT*r*oo 

4,90?4F*00 

4.l»T4r*oo 


9,44s»f*o0 

4,1944000 

o'sSSSF.OO 

4,4is3F*oo 

4.4197000 


i.ooo3e*oi 

4.*4|4E*00 

l,OI40E*flt 

4,S444E*00 

«,mu»nn 


•18 


r»tNfR«rnNOoN  factor* 


v« 

Y**.4  20 

V**  «.  71 

V**  •  22 

1M  •  91 

0 

1.9110f0l 

i.omr-oi 

1.49517-01 

i.l910E*02 

1 

1, 07417-02 

t',ns«r.o2 

9,542*7.07 

1,05417.01 

2 

4,22147-02 

9,11272-02 

1,97447.02 

1.94752.0S 

1 

5. 47157-02 

1,04197-01 

l, *9412.02 

7,11 742.02 

4 

2.4SS9C-0J 

2,2*402.02 

5,14777.07 

4, 41047. A) 

9 

1.05017-02 

4.2111E.02 

1.97497.01 

2,41 107.09 

8»CE*T»nin 

Vklttct  f*NC4T9Q«41 

»♦ 

V**  •  20 

V»*  •  ?1 

V--  •  29 

f«*  ■  21 

0 

l.t*272*0O 

l'.204jr*ao 

j,2jt Jr*oo 

1.24247*00 

1 

1,11797*00 

1,21192*00 

1,21*97*00 

1,71407*00 

J 

1,14177*00 

1,15447*00 

1,14477*00 

1.147tt*0A 

1 

1,17)07*00 

1,11  997*00 

1,17417*00 

1, 1 7717*00 

4 

1.0*227*00 

1.11447*00 

l,il*4r*oo 

1,12517*00 

9 

1.10422*00 

1.10907*00 

1.09572*00 

**O*C2NT40IDS 

yit  ■  20 

*•«  •  21 

V**  ■  22 

■  21 

* 

1.01107*01 

1,02747*0! 

1,04407*01 

1.04417*01 

! 

1.91917*00 

i,omt*oi 

1,01417*01 

1,04917*01 

1 

9.91477*00 

9,9*7*7*00 

1,00117*01 

1,12247*01 

1 

9.75242*00 

4,71947*00 

1,00417*01 

1.00947*01 

4 

9.49942*00 

4.92407*00 

9,95407*00 

9.75447*00 

9 

9.41922*00 

4,44502*00 

9.97147*00 

9.42447*00 

ntkNCx-cminn* 

74CT09* 

»* 

V**  •  24 

»••  •  79 

V**  *  2* 

«*•  ■  27 

0 

1.05417*02 

9'.41 147*01 

2,71427*04 

1.14447.09 

1 

1 ,401 7E*01 

4,14947.02 

7,1400r-07 

7  01452.04 

7 

1.00117*01 

2,144*7*01 

1,44147*01 

4,29907.02 

1 

2, 46452-02 

2,47747.07 

1,95*72.01 

2.24192.01 

4 

2.40717*07 

9,94477.07 

4,74007.04 

1 ,41 21E.01 

5 

1.49457*07 

4. 1 19 1 7*04 

4.47017*02 

1.19172.01 

0 *770X0010  V4LUC4  r»9C4T90«41 

vt 

¥••  4  24 

■  ?» 

»M  *  2* 

V««  ■  11 

0 

i.i04ie»oo 

1,17047*00 

1^97947*00 

1,01942*00 

1 

1.24447*00 

1,11072*00 

1,14077*00 

1,44597*00 

7 

2. 25517*00 

1,27417*00 

1,11747*00 

1.14777*00 

1 

1.14077*00 

1,10717*00 

1,79717*00 

1,12717*00 

4 

1,19117*00 

1,17*97*00 

1,97147*00 

1.11417*00 

9 

1.15047*00 

1.1044E*00 

1.17497*40 

2.44427*00 

9*97*C74T40T0« 

V4*  o  24 

■  79 

•  7* 

49#  9  77 

8  i.e»jjr*oi 
t  1.0*4*7*01 
?  t.o*o2r*o i 

>  4,47777*00 
4  1.01442*01 
•  4.4?m*oo 


1.1 1972*01 

1,09597*01 

1,07447*01 

1,04492*01 

1,00447*01 

1.04142*01 


i.i4i4r»oi 

1,10077*01 

l.8M4r*ei 

1,51947*01 

1.00017*01 


i,««)4C»no 

1.11172*01 

1,15012*01 

1,14722*01 

1,04412*01 

7,49102*00 


FMnCK»CONDON  r»CT0R8 


V* 

V*i  ■  28 

V**  ■  ?» 

•  10 

V«.  •  11 

0 

2,704*7.09 

iliiiiv.o* 

4,*9*tt.09 

1 

1, 44417.04 

1,4*717.04 

1,4*707.84 

7,40077.84 

2 

4,02407.04 

1,71177.01 

1,21417.84 

7,77197.89 

1 

4, 2975E.02 

4,17417.04 

9,41987.81 

2, 17477.84 

4 

2.70007-01 

7,8*117.07 

2,29997.81 

1,1 101E.07 

9 

l,)7497.01 

1.01977.01 

1,97877.02 

••CCNTKOID  VALUE!  144C8770M1 

V* 

V*«  ■  22 

i.  y* 

VM  0  J© 

VM  • 

0 

J,)44lE*00 

1,48847*88 

l’,  27747*80 

4,*U7E*ee 

! 

1.19477.00 

1,429*7*00 

2,4*287*88 

1.17487*00 

7 

1,91247*00 

1,24047*00 

0 

1,91427*88 

1,12797*08 

1 

1,40*17*08 

1,1*21E*0I 

1,10927*88 

1.77277.88 

4 

),niiE«oo 

1,47477*00 

2,(1917*88 

1.1*177.00 

s 

j.)440E»ee 

1.19227*00 

1.44177.08 

1.18117*00 

U«2«CfHT»01SS 

v* 

VM  ■  2| 

*•*  •  24 

V44  ■  18 

V48  •  11 

o 

1 

2 
I 
4 
4 


1,12147*01 
7,*444E*00 
t , 44418*01 
l,t*04E*0l 
1.11911*01 
l,tt*lC«0l 


2,4*1*7*01 

1,144*7*01 

1,04707*81 

4,19427*01 

1,17907*01 

1.1207*01 


tL0*00r»01 

l,212*r*01 

1,09047*01 

1,10427*08 

1.19787*01 


2.07I77*oi 

I.t«»4t*m 

7,70477*00 

1,40217*01 

1.12777*01 

1.01007*01 


